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As part of the Stage 2 Planning effort conducted by the California Energy Commission (CEC) staff for 
the Public Interest Energy Research Program (PIER), LLNL has developed energy scenarios to assist 
CEC staff in focusing their planning activities. The intent of the energy scenarios is to provide ideas for 
potential energy futures that can be used within a decision analysis framework to prioritize areas of R&D 
that meet the PIER objectives as required by Assembly Bill (AB) 1890 (enacted September 1996). The 
five PIER objectives are: 

1) 
2) 
3) 
4) 
3 

lower electricity prices 
reduce environmental impact from electricity sources 
help economic growth in California 
ensure reliability of the grid 
safety 

Frequently, different decision makers will have different expectations about the future evolution of the 
energy environment. This can lead to disagreements about the degree to which energy technologies will 
satisfy the objectives that are not based upon the merits of the technologies, but ra?her upon different 
expectations about the future energy environment. The characterization of the base case scenario provided 
in this report is intended to provide decision makers with a common framework for evaluating the 
importance of funding various PIER issue areas and the technologies that address them. 

This report describes fourteen energy factors that could affect electricity markets in the future (demand, 
process, source mix, etc.). These fourteen factors are believed to have the most influence on the State’s 
energy environment. A base case, or most probable, characterization is given for each of these fourteen 
factors over a twenty year time horizon. The base case characterization is derived from quantitative and 
qualitative information provided by State of California government agencies, where possible. Federal 
government databases are nsed where needed to supplement the California data. It is envisioned that a 
initial selection of issue areas will be based upon an evaluation of them under base case conditions. 

For most of the fourteen factors, the report identities possible perturbations from base case values or 
assumptions that may be used to construct additional scenarios. Only those perturbations that are 
plausible and would have a significant effect on energy markets are included in the table. The fourteen 
factors and potential perturbations of the factors are listed in Table 1.1. These perturbations can be 
combined to generate internally consist.ent. combinations of perturbations relative to the base case. For 
example, a low natural gas price perturbation should be combined with a high natural gas demand 
perturbation. 

The factor perturbations are based upon alternative quantitative forecasts provided by other institutions 
(the Department of Energy - Energy Information Administration in some cases), changes in assumptions 
that drive the quantitative forecasts, or changes in assumptions about the structure of the California 
energy markets. The perturbations are intended to be used for a qualitative reexamination of issue areas 
after an initial evaluation under the base case. The perturbation information would be used as a 
“tiebreaker;” to make decisions regarding those issue areas that were marginally accepted or rejected 
under the base case. Hf a quantitative scoring system for issue areas were applied under the base case, a 
tractable quantitative decision model incorporating scenarios and their likelihoods could be developed and 
appli& in the decision process. 

LLNL has developed four perturbation scenarios that address the following issues: l} low economic 
growth, 2) high natural gas prices, 3) dysfunctional markets, and 4) a preference for green power. We 
have proposed a plausible scenario that addresses each issue for discussion and consideration by the CEC. 
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In addition, we have provided an example application of the four perturbation scenarios in a qualitative 
framework for evaluation of issue areas developed for the PIEPC program. A description of each of the 
perturbation scenarios and a discussion of how they could effect decisions about today’s R&D funding is 
included. The scenarios attempt to cover a broad spectrum of plausible outcomes in a deregulated market 
environment. Nowever, Vhey are not a comprehensive and rigorously defined list of the most probable 
scenarios, but rather a qualitative inference based upon knowledge and expertise in the energy field. 
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Demand for electricity generation, transmission, and distribution will be affected by the number and 
location of people in the State. In general, movement of persons from the Coastal regions to the Central 
Valley will impose a larger air conditioning load on the system, affecting both load shape and the peak 
demand. Population and electricity demand growth in the Coastal urban areas will lead to the need for 
acquisition of additional land for transmission corridors and distribution facilities in areas that are already 
congested. Population growth in these two types of areas impose different requirements on energy 
systems, and suggest the need for different types of energy R&D projects. 

Under the base case scenario, the State’s population is assumed to increase at a compound annual growth 
rate of 1.41% over a twenty-year forecast period [DRI 981. As shown in Table 2.1, the population data 
have been aggregated into five geographic regions. The historical data in Table 2.1 indicate that in the 
198Os, population growth in the Centml Valley was much higher than in other regions in the State. 
However, from 1990 to 1995, growth in the Central Valley slowed relative to other areas of California. 
The geographic distribution of the population shown in Table 2.1 assumes that this lower growth rate in 
the Central Valley persists throughout the forecast period. This is the base case forecast. 

A perturbation of this base case scenario is shown in Table 2.2. This scenario assumes that, due to the 
high cost of housing in coastal urban areas and other factors, the high growth rate observed for the Central 
Valley in the 1980s is again realized. The scenario assumes the same total growth in the State population, 
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but shifts some growth from the San Francisco Bay and LA/Orange/SD areas to the Central Valley. One 
third of the additional growth in the Central Valley is assumed to come from the San Francisco Bay area 
and the other two thirds of the additional Central Valley growth is assumed to come from the - 
LA/Orange/SD area. This closely represents the relative populations of the two areas. 

At the end of the forty-year period under the base case scenario (Table 2.1), the percent of the State’s 
population living in the Central Valley increases from 14% to l&4%, or by approximately 6.8 million. If 
growth trends revert back to the 1980’s pattern, the Central Valley would see its population increase to 
25.6% of the State’s total, or approximately 10.7 million. Figure 2.1 illustrates the growth projections 
from Table 2.1 and Table 2.2, where HCV refers to the High Central Vldlley growth scenario. Population 
data are in thousands. 
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Canada 

The base case scenario presumes the CEC estimates of demand growth. Growth rates in the EL4 base and 
high scenarios are suggested as perturbations. 

World oil prices for the base case, high, and low price scenarios are show in Table 7.1 [DOE-EIA 98, 
pg. 71. As indicated hy the base case data in the table, world oil prices are expected to reach $22.32 per 
barrel by the year 2020 (in 1996 dollars). Relative to the current world oil price of approximately $15 per 
barrel, this is a real price escalation rate of 1.8% per year. The DOE-EM oil price projections for the year 
2020 range from a low of $14.43/bbl to a high of $28.71/bbl; a factor of two variation in price. 
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Because oil is not used for electricity generation in the state of California, world oil prices do not directly 
affect the cost or supply of electricity in the state. However, high oil prices and California public policy 
requiring zero emission vehicles could accelerate the rate of market penetration of electric vehicles or 
other alternative fueled vehicles that may effect the characteristics for electric power demand in the state. 

For example, the demand cycle for electric power to charge vehicles for the daily commute may lead to a 
high peak in electric power demand early in the morning. Under such circumstances, energy storage 
technologies for the grid--or vehicle recharging technologies that distributed the load over the early 
morning hours when demand from other sources is low-would be beneiicial. 
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significantly, coal-fired units may eventually take market share for base load generation from gas-fired 
units. 

Electricity price forecasls for the base case are shown in Table 7.3 [Klein 971. As indicated by the data in 
the table, average market clearing bulk power prices in California are expected to remain constant at 
$27/MWh through the year 2008. 

Table 7.3 Ekctricity Prices 

Electricity prices will increase at times of higher load. The current annual and daily price profiles 
published by the California Power Exchange (PX) are assumed to persist for the foreseeable future, In 
addition, a competitive, interstate market for “replacement reserve power,” as defined by the PX, is 
assumed to develop. It is father assumed that the price for replacement reserve power is not capped. 

Base case carbon dioxide emissions by source are shown in Figure 8.1. The figure shows prqjected tons 
of carbon dioxide emissions per GWh by generation source for the year 2010 [CEC 94a]. The largest 
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managed by the Independent System Operator, and priced for full capital and operating expense recovery. 
Distribution services will continue to be regulated by the CPUC, mmaged by the local utilities, and 
priced for full capital md operating expense recovery. Time-of-day pricing will be available to mostuf 
the commercial and industrial class customers, and will be phased in for half of the residential class 
customers over the next 20 years. System reliability will be provided by interruptible contracts and 
standby generation controlled by ISO. 

Oil, gas, cod, and other energy commodities will continue to be exchanged in a competitive market that 
reflects variable costs and full capital recovery at private sector costs. Several federal energy restructuring 
bills have been introduced by Congress that suggest mandatory quotas of electricity from renewable 
sources and price subsidies to help move renewables into the marketplace. Some bills promote a 20% 
renewable supply to the US. electricity grid by 2020. Similarly, state utility restructuring bills, which are 
ahead of the federal legislation, provide subsidies over the short-term to help move renewables into the 
marketplace. It is assumed that renewables continue to be subsidized on some level that enables them to 
be within 30% of the conventional electricity fuel sources. Credits for emission reductions will be realized 
under existing emission trading programs. No carbon tax is assumed. 

The U.S. Bureau of Economic Analysis (BEA) projects a compound annual growth rate of 1.6% for the 
period 1998 to 2045 for California. The l’irst period, 1998-2000 shows the highest projection of 2.8%, 
followed by the second mghest period, 2000-2005, of 2.3%. Then the BEA’s projection drops below 2% 
for each remaining period. Figure 11.1 [BEA-97a] compares that with an illustrative LLNL lower and 
higher growth scenario. (Note that the BEA projection periods vary behveen 2 and 20 years) The LLNL 
lower growth scenario assumes a flat 1% compound annual growth rate in each period. The LLNL higher 
growth scenario replicates the IBIZA’s high growth assumption until 2005, then, assumes that growth 
levels off to a 2% compound annual growth until 2045 instead of dropping below, as the BEA projects. 
The numbers used in this illustration are in Table 11,l below. 
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in prices an mote imported electricity until more capacity is added on. If the plants are granted life 
extensions, other operators planning to take over that capacity will either have to cancel ot postpone their 
plans. 

The base case assumes there is no carbon tax or other constraint. A perturbation to this factor could 
assume a moderate CO, tax at $50-$75/tori or a high tax at $150-$200/tan. In either case, the carbon tax 
helps make nuclear and renewables more desirable and could lead to extensions in nuclear plant licenses 
and increasing expansion of tenewables in the state. 

In the base case, customers will purchase the lowest-cost power, and will not make a major shift to green 
power. A perturbation t.o this scenario is that consumers make a conscious decision to pay mote, up to 
30% for green power. The market demand is unknown at the present time. Consumers are not. well 
informed and a variety of choices are now available. It may take a number of years and considerable data 
collection to see patterns of consumption here that match “green power” with willingness to pay higher 
prices. 

In the industrial sector, selection of “green power” may never be a factor since industry tends to select the 
minimum-cost power. Nevertheless, data collection over a period of time will be telling. Other 
mitigating factors could be introduced such as policy incentives, public opinion, ot even competition 
(e.g., “produced and manufactured by green power” as a marketing tool). 

Consumers would also be willing to pay more for demand-side management products such as mote 
efficient appliances, HVAC and lighting, and green building design, and construction services for 
residential and commercial construction. They are also willing to adopt the concept of local energy 
generation for the home or community to serve extra needed capacity and would like to be able to fuel 
their automobiles at home with either electricity of hydrogen generated from I&O. 

The energy use per dollar of gross state product appears to be very stable under the status q~o growth 
prediction of a compound annual growth rate of 1.6%. This implies that the economy and requisite 
electricity generation are increasing at relatively the same rate. The perturbation for this parameter is that 
the state economy either slows or grows at a faster rate while the electricity generation gtowth remains 
consistent. Figures 15.1 and 15.2 (BEA 97a) show the forecasted energy demands under the three 
economic scenarios listed in Section 11. 
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Four such scenarios are discussed below. These scenarios represent four plausible deviations about the 
base case, but do represent a comprehensive set of all possible energy futures. 

This scenario presumes a protracted reduction in the growth rate of the California economy. The 
following factors in the base case description are modihed: 

Electricity demand - The low demand growth scenario depicted in Figure 3.2 is realized (1% annual 
growth rate). 

CM, Gas and CC& Demand - Because electricity demand is growing at a lower rate, new plant 
construction is deferred. The switch to natural gas generation depicted in Figure 3.3 is not as rapid. 

Eapected G,W Growth - The low growth perturbation of 1% per year is assumed. 

Nucleurpowerplant operation - Nuclear power plants are assumed to shut down early, denying access to 
a low cost source of energy and capacity. 

This scenario assumes the current environment of low natural gas prices persists for a decade. All new 
generation constructed in the State during this period is natural gas-fired, and the State becomes highly 
reliant upon this energy soutce. After this initial period of low gas m-ices, natural gas prices escalate 
rapidly (as was observed in the 19’70s). The following factors in the base case description are modified: 

Electricity Denzurzrl - Electricity demand follows the base case curve shown in Figure 3.2 until the year 
2010. Then a transition is made to the low growth rate curve shown in the figure due to the higher natural 
gas prices in conjunction with the State’s high reliance upon natural gas-fired generation. 

Oil, Gas, and ConI Belnanck - Demand slowly shifts to fuels and renewable energy sources that can 
compete with natural gas at the higher prices. Overall demand will initially drop because plants that use 
other fuels are no longer operating and new ones will take time to build. 

Oil, Gas, Coal and Electricity Prices - Relative prices of oil and coal will be low due to lower demand 
prior to the large natural gas price increase. However, oil and coal prices will increase as demand stilts 
from natural gas to oil and coal. Electricity prices will increase immediately with the natural gas price 
inctease, and come down partially when other generation sources come on-line. 

Air Pollution - Air pollution will increase as other fuels are introduced into the generating mix. Little 
investment would have taken place to control emissions from oil and coal. When the demand for these 
sources increases, air pollution will increase accordingly. 

Expected GSP Growth - Over-reliance on natural gas or any single fuel source causes the State to be 
more vulnerable to economic slow down if ,its main source of energy experiences large price increases. 
Areas heavily dependent on electricity become less competitive with regions #at have cheaper electricity, 
some industries relocate to areas with lower cost or more predictable electricity prices. New business 
choose to open in lower energy cost areas. 

M&ear Power Plant Closures - Nuclear plants shut down early, exacerbating the cost impact of high gas 
prices. 
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Under this scenario, problems are encountered in implementing deregulation of the power market in- 
California. The market is dominated by a few large suppliers, who manipulate the physical system and 
contractual agreements in order to gain a competitive advantage over smaller rivals. The complexity of 
managing the system overwhelms the ISO, and system reliability is degraded. The following factors in the 
base case description are modified: 

State population by region - Under this scenario, it is assumed that population growth in the Central 
Valley is higher than t&dt assumed in the base case scenario. This population shift leads to a higher air 
conditioning load relative to the base case. This air conditioning load occurs at system peak, which 
complicates system operation. 

Electricity demand - Higher electric power demand growth is realized (2% per year). 

Load duration curve - A shift of population to the Central Valley from the coastal regions would tend to 
increase the peak-to-average ratio for the load. This would require more peak capacity, more coordination 
of generation scheduling, and mote system dynamics. All of these factors tend to complicate system 
control, 

High natural gas prices - Natural gas prices are higher than tlndt expected in the base case. High natural 
gas prices favor more capital-intensive generating capacity such as coal and nuclear power. These capital 
intensive prqjects are only undertaken by the larger firms; market participation by smaller firms is limited. 
The higher natural gas prices also make use of simple-cycle gas fired units mote expensive relative to 
base load coal-fired units. There is a shortage of these gas-fired units, which are typically used to provide 
generation during the system peak. 

Competitive market performance/market structure - The few large suppliers strategically price and 
transmit power to inhibit entry of competitors. Bilateral power contracts of these few large suppliers are 
engineered to utilize transmission lines that would be needed by competitors entering the market. These 
large suppliers are assumed to price power above incremental production cost. 

Nuclear power plants - Nuclear power plants ate assumed to shut down before the end of their operating 
license. This removes 4300 MW of generation from the State’s generating pool. 

This scenario includes higher growth in energy demand in conjunction with a preference for green power 
and efficient end-use energy technologies. The following factors in the base case description are 
modified: 

State Populofion by RegioPz - The population of the state expands at higher gtowth rates in both urban and 
rural areas. The urban growth creates a need for mote transmission and distribution corridors in congested 
areas as well as a demand for distributed renewable power. The growth in the rural areas, primarily the 
Central Valley, leads to higher air conditioning loads during system peak. 

Load Duration Cuwe - The peak-to-average power ratio becomes huger, reflecting increased growth in 
areas with large cooling demands. This requires cheaper, more efficient peaking technologies or the 
ability to integrate the utilities with transportation to smooth the &DC. 

Oil, GUS, and Coal Prices - Natural gas and oil prices increase at a higher than expected rate leading to 
the penetration of alternative fuel vehicles that can compete on a cost basis. In addition, the higher natural 
gas costs will make non-fossil electricity generation more competitive. 
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Green Preference - There is a strong consumer demand for renewable energy and they are willing to pay 
a ZQ-30% premium for clean, renewable energy. In addition, they are willing to purchase more demand- 
side management goods and services for homes and offices. There is also a higher demand for high2 
efficiency end-use energy technologies. 

The base case scenario described in Sections 2 through 15 provides a common framework for evaluating 
the importance of issue areas. For example, the Commission may need to evdluate the importance of 
early shutdown of nuclear reactors. To help evaluate the importance of addressing this issue, the 
Commission can compare the data describing total State consumption of electricity (Section 3) with 
rmclear generation capacity (Section 12). The magnitude of the impact of early nuclear plant shutdowns 
can be estimated and incorporated into the decision-making process. An initial ranking of issue areas 
under base case assumptions can be generated. 

Hf a perturbation scenario were to be realized, some issue areas would be more important to have funded 
than others. For example, if a severe recession occurs in California, issue areas that address stimulating 
economic growth would be more important. Issue areas can be rated in terms of their contributions under 
the circumstances outlined in each of the four scenarios described previously. Table 17.1 lists some of 
the issue areas and their impacts under the scenarios. A “+” indicates that the issue area is more 
important under the scenario th& it would be under the base case scenario. 

I Low emnomic High natural Dysfunctimd 

I I 

Pr&rence fix 
gnlwth gas prices market green power 

The data shown in the first row of Table 17.1 indicate thzat if California were to experience low economic 
growth or high gas prices, it would be important to have design tools for integrated buildings available. 
This would lead to more efficient use of energy, making California more cost competitive or mitigating 
the impacts of a rapid increase in natural gas prices. Accordingly, a “+” is shown in each of these two 
scenario columns. These scores are for illustration only - actual scores would be provided by the CEC. 
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The scenario impact data in Table 17.1 can be used to ensure that each of the four scenarios is addressed 
by funding issue areas. After issue areas are selected for funding under the base case scenario, a check 
can be made to ensure that at least one issue area that received a “+” is funded for each of the four - 
scenarios. In the example data shown in Table 17.1, at least one of the four issue areas with a “+” in the 
first column must be funded in order to ensure that the “Low economic growth” scenario has been 
addressed. In addition, issue area Ind2 proffers benefits to three of the four scenarios, so it would be a 
good area to invest R&D funds because it contributes under a wide range of circumstances. Moreover, it 
is the only issue area that contributes to the dysfunctional market scenario. For larger sets of issue areas 
that could not be evaluated by inspection in this manner, combinatorial optimization routines could be 
utilized to lind the minimum set of issue areas that address all scenarios. 

The data in Table 17.1 could also be used in a quantitative procedure to rank issue areas. 0ne such 
procedure is as follows. First, assign numerical scores lo each issue area under the base case scenario. 
This numerical score is an indicator of the degree to which the issue area achieves the five PIER 
objectives. Next, modify scores of issue areas by increasing the issue area score (by perhaps 25%) if 
there is a “I-” in the row for that issue area and column for that scenario. Assign weights to each scenario, 
possibly 0.6 for the base case and 0.1 for each of the 4 perturbation scenarios, and take the weighted 
average score under the five scenarios. Rank the issue areas using this weighted score, and fund the 
highest-scoring issue areas until funding is exhausted. More comprehensive scenario analysis techniques 
could also be employed if a quantitative decision framework were implemented. 

Finally, it is important to note that the private sector may fund R&D activities that address CEC issue 
areas. Because private sector organizations tend to have shorter time horizons and may be less willing to 
fund R&D that address low-probability events, State R&D funding may be more effectively utilized if it 
is channeled into R&D that would provide longer-term payoffs and would address low probability events. 
Consequently, it may be more important for CEC to fimd the issue areas that contribute the most under 
the perturbation scenarios than those that contribute under the base case, or most likely case. 
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